This study proposes using multiple criteria quadratic programming (MCQP) and other data mining approaches to predict auditor changes with early adopters of the Sarbanes-Oxley Act (SOX). It compares 2003It compares -2004 U.S. firm data with data from [2005][2006] to measure the SOX effect on firms that voluntarily adopted this new regulation nearly (other than the size of the business). The results of the MCQP and other data mining approaches in this auditor change prediction study show that the MCQP method performs marginally better than other data mining approaches using financial and other data to predict auditor changes. In addition, the early SOX effect is not significant empirically using the auditor change prediction model of comparing the prediction rates of early adopters vs. those of later adopters.
Introduction
The Sarbanes-Oxley Act (SOX) of 2002 was introduced to improve corporate disclosures and the financial accounting information environment, but the costs of implementing the Act may overshadow the benefits of SOX. SOX requires that management and auditors report that there are no material weaknesses in their internal control systems (Boland, Bronson, & Hoget, 2015) . Because of the estimated higher costs of SOX Section 302 and 404 implementations, the Security and Exchange Commission (SEC) and the Public Company Accounting Oversight Board (PCAOB) proposed a compromised solution by extending the 404 compliance deadline for both small and foreign private firms. Recently, Lee, Strong, and Zhu (2014) found that a regulation such as SOX improved the corporate information environment and, as a consequence, reduced security mispricing. In addition, Rezee, R. Espahbodi, P. Espahbodi, and H. Espahbodi (2012) discovered that the Dodd-Frank Act of 2010 improved SOX 404 compliance and made it more cost-effective and efficient. Therefore, it is interesting to compare and contrast the effect of the early stages of SOX for early adopters vs. later adopters of SOX, disregarding firm size. In this paper, early adopters are defined as the firms that voluntarily implemented SOX before the dead line. The time period from 2003-2004 is designated as the early adoption period and 2005-2006 as the later adoption period. Previous empirical research showed mixed results for new regulation effects such as SOX (Lee et al., 2014) . Recently, Boland et al. (2015) found empirically that misstatements in financial reporting decreased with the later SOX filers. This issue will be important for auditors preparing audit planning procedures if they can predict that some firms may need more rigorous auditing and assessment of their internal control system and may need to charge higher audit fees (Lenard, Petruska, Alam, & Yu, 2011) . Investors may demand more reliable financial information for their portfolio after SOX.
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Computing has become more cost-effective with current information technology. Data mining has been applied for numerous business applications in accounting, finance, and marketing such as bankruptcy prediction, fraud detection, detection of tax evasion, credit card defaults, and as an audit-planning tool for assessing internal control weaknesses of firms that is required by SOX.
The purpose of this study is to propose a multiple criteria quadratic programming (MCQP) and other data mining approaches for the prediction of auditing changes including internal control weakness and other characteristics of firms who adopted the SOX earlier vs. later. This paper is organized as follows: The next section presents the background relevant to this study. The third section presents a MCQP data mining model. The fourth section describes data collection procedures and reports empirical results using other data mining tools. The last section concludes with a summary of findings and future research avenues. Gao (2011) observed that foreign firms' equity issues were increasing after SOX. This is indirect evidence showing the positive economic impact of SOX in the U.S. capital market. Harp, Myring, and Shortridge (2014) also found that SOX and other regulations improved the quality of financial information for analysts and investors.
Background
The SEC requires that large firms with market capitalization of at least $75 million and to which other Exchange Act rules apply must comply with the SOX 404 rules regarding internal control weakness reports beginning with the fiscal year ending after November 15, 2004 (Ebrahim, 2010 . However, the SEC loosened the rule and later proposed even extending the 404 compliance deadline for both small firms and foreign private firms to fiscal years ending on or after December 15, 2007. Therefore, this research focuses on early adopters of the SOX excluding small and foreign private firms and uses MCQP and other data mining approaches with the auditor change prediction model.
De Korvin, Shipley, and Omer (2004) proposed a realistic approach to assess risks of internal control using the fuzzy set theory. However, their method requires managers to develop questionnaires regarding their internal control systems and this could be expensive and time-consuming. Senteney, Chen, and Gupta (2006) used the logistic regression model to predict firm bankruptcy and found that financial ratios relevant to predict firm distress may also be a useful tool to predict the internal control weaknesses in a firm. Ohlson (1980) used a logit model that does not require normal distribution of sample firms to predict bankruptcy by using nine financial variables. A similar approach to predict financial distress could be used, but the focus here will be internal control weakness factors and factors relevant to internal control weaknesses need to be included. Ge and McVay (2005) used business complexity, firm experience, size, profitability, and auditors to assess the firm characteristics of internal control weaknesses. These variables are included in this study also. J. Krishnan, J. Krishnan, and Stephens (1996) recognized that auditors are more likely to issue qualified audit opinions to firms that switch auditors. Lenard et al. (2011) discovered that some components of corporate governance such as better governance and big N audit firms are related to audit fees and these factors are related to predicting fraud litigation after SOX. Kao, Li, and Zhang (2013) also found that Big 4 auditors handled client pressure well even before the SOX Act. Similarly, Ettredge, Scholz, and Li (2007) observed that audit clients paying higher fees were more likely to dismiss their auditors after the SOX Act. Lary and Taylor (2012) found that audit committee independence and competence was related to higher quality of internal control systems for a firm. Therefore, these relevant variables found in the database are also included in this study. Sung, Chang, and Lee (1999) used the decision tree approach to develop bankruptcy prediction models for normal and crisis economic conditions and found that different financial ratios are significant in different economic conditions. The decision tree approach was also used for comparison purposes.
Models of MCQP Classification
The data mining algorithms can be implemented by several methods of mathematical techniques. For example, prediction methods can be constructed by decision tree, statistics, and neural networks as previous studies have used.
Shi, Peng, Kou, and Chen (2005) developed a general concept of data classification by using MCQP. The basic concept of the formulation can be shown as follows.
Given a set of k variables about the SOX early adopters or non-early (later) adopters, sample firms in
k be the sample observations of data for the variables, where i = 1, ..., n and n is the sample size. The goal is to determine the coefficients of the variables, denoted by
, and a boundary value of b to separate the two classes: E (early adopter) and N (non-early adopter). In this paper, early adopter means the firms that adopted SOX voluntarily during 2003-2004 and non-early adopter means the firms that adopted SOX during 2005-2006; then:
non-early adopter) Consider now two kinds of measurements for better separation of the early adopters of SOX firms and non-early adopters of SOX firms. Let α i be the overlapping degree with respect to A i , and let β i be the distance from A i to its adjusted boundary. In addition, α is defined to be the maximum overlapping of two-class boundaries for all cases A i (α i < α) and β to be the minimum distance for all cases A i from its adjusted boundary (β i > β). The (star) represents A i of non-early adopters of SOX and the (dot) represents A i of early adopters of SOX firms. Figure 1 shows that the goal is to minimize the sum of α i and maximize the sum of β i simultaneously. 
Non-early adopter Early adopter
Then, a general nonlinear function f(α) can be used to describe the totality of overlapping α i while another nonlinear function g(β) shows the aggregation of the distance β i . The final rates depend on simultaneously minimizing f(α) and maximizing g(β) as:
(General Model) Minimize f(α) and Maximize g(β) Subject to: 0,
where A i is given, X and b are unrestricted, and
In order to utilize the computational power of nonlinear software packages to classify the data, the general model is modified using norm ρ, ρ ≥ 1. Given weights W α and W β , let f(α) = |α| ρ and g(β) = |β| ρ . The two-criteria programming model converted into one criterion classification model as:
Based on Model (1), nonlinear classification models with norm ρ (ρ = 1 or ∞) can be theoretically defined. For this study, the goal was to formulate a quadratic programming model. Let ρ = 2, then |α|
The above MCQP model can be solved using LINGO 8.0 to solve Model (2).
Data Collection and Research Design
In this paper, 157 auditor change firms among early SOX adopters were collected using DirectEdgar ( 
: t-value for testing mean differences between early SOX and non-early SOX adopting firms. * : p < 0.10; ** : p < 0.05; and *** : p < 0.001. Altman's (1968) and Altman, Haldeman, and Narayanan's (1977) variables and Ohlson's (1980) variables were utilized for auditor change prediction. Altman used five ratio variables in his study and Ohlson used nine variables in his study. However, with current available data mining tools and computer capabilities, more variables can be handled without difficulty in the model. Relevant variables found from previous internal control weakness studies were also added.
MCQP and other data mining tools were first run using all variables for the 2003-2004 time frame. Then, MCQP and other data mining tools were run again using the [2005] [2006] period to compare the prediction accuracy of the auditor change model for early and later or non-early adopters. Table 1 above shows the descriptive statistics of auditor change and non-auditor change firms for the SOX early adoption period. As we can see in Panel B, all variables between auditor change and non-auditor change firms during the period of 2003-2004 are significantly different except for qualified opinion, size, sales/total assets, growth, and fee ratios. The size variable is not significantly different since the control firms were matched based on size and industry. The qualified opinion, sales/total assets, growth (which is a similar measure to sales/total assets), and fee ratios are not significant as in previous empirical studies such as Krishnan et al. (1996) and Lenard et al. (2011) . Table 2 presents the descriptive statistics of auditor change and non-auditor change firms for the SOX late adoption period. As shown in Panel B, all variables between auditor change and non-auditor change firms during the period of 2005-2006 are significantly different except for the qualified opinion, size, sales/total assets, fee ratios, and Big 4 variables. Compared with Table 1 , growth is significant, but the Big 4 variable is not significant. This is an interesting result as it shows that Big 4 audit firms after SOX implementation are less significant as seen in Kao et al.'s (2013) study. Table 3 reports auditor changes for before and after SOX. This time, qualified opinion is not significant as seen in previous results. EBIT/TA, FU/TL, and INTWO are not significant. This means that earnings, funds from operation, and negative income measures are not much different before or after the SOX auditor change firms. NI/TA, Sales/TA, and Fee Ratio are marginally significant. ONEG, Growth, CHIN, and Big 4 are not significant before or after the SOX auditor change firms. The MCQP, Linear Discriminant Analysis (LDA), Classification Tree, and See5 data mining approaches were applied using financial and other relevant variables to predict auditor changes before and after SOX and their results are reported in Table 4 . As a means of validation, the classification results of MCQP (Shi et al., 2005) are compared with two popular classification tools: LDA (SPSS, 2004) and Decision Tree-based See5 (Quinlan, 2004) . Five performance criteria are used to evaluate the classification performance: accuracy, KS score, Type I and II errors, and correlation coefficient. Accuracy is one of the most widely used classification performance metrics. Since training results indicate how well the classification model fits the training set and test results reflect the real predicting power of the classification model, Table 4 Table 4 also reports Type I and Type II error rates and other metrics for all models. Usually, the costs of Type I errors outweigh the costs of Type II errors in an auditor change situation, but overall prediction rates are too low so this is not an important issue. From the above results, the MCQP and other data mining approaches show similar or marginally better results before and after the SOX using auditor change prediction models. Therefore, it is not conclusive from the empirical results that the later SOX adopter information environment is better.
Summary and Conclusions
In this paper, the MCQP and other data mining approaches were used to predict auditor changes using 2003-2004 data compared with changes using 2005-2006 data. The MCQP data mining approach has been applied to credit card portfolio management (Shi et al., 2005) . The results of the MCQP approach in this prediction study are promising as this approach performs better than the traditional multiple discriminant analysis of LDA or decision tree approaches. However, overall prediction accuracy rates are too low and from these results, it is inconclusive that the information environment after SOX is better. This paper used small sample firms to predict auditor changes. This could be the reason for low prediction rates and missing variables such as audit committee could be included in future research to improve overall prediction rates.
